1. Introduction {#s0010}
===============

A large amount of time spent in sedentary behaviors is associated with several deleterious health outcomes including all-cause mortality; cardiovascular disease incidence or mortality; cancer incidence or mortality; and type 2 diabetes in adults.[@bib0010] Sedentary behavior is usually defined as any waking behavior in sitting or reclining posture with low energy expenditure (≤1.5 metabolic equivalents).[@bib0015] On average, adults spend over half of their waking hours sedentary and their sedentary time accrues across multiple domains.[@bib0020], [@bib0025] In particular, occupational sitting is a major contributor to total daily sitting time among office-based workers.[@bib0030], [@bib0035], [@bib0040] As objective measurements are often impractical, there is a need to develop and evaluate the accuracy and reliability of self-report measures of occupational sitting.[@bib0045] Such measures should allow comparisons across different populations and cultures and be applicable in epidemiologic research.[@bib0050]

Questionnaires are the most common self-report method for assessing sedentary time.[@bib0055], [@bib0060], [@bib0065] Unfortunately, the majority of questionnaires exhibit a weak or low correlation between sedentary time and the criterion measure (range of correlation coefficients from 0.16 to 0.44).[@bib0050] When compared with questionnaires assessing recall over the past week or longer, shorter-term recall has been suggested to reduce reporting errors in estimates of usual levels of behavior.[@bib0070] However, studies are required to evaluate and compare the differences over varying time frames of self-report assessment, such as long-term recall of habitual sedentary behavior *vs.* short-term recall on a daily basis.[@bib0050] In fact, short-term recall can bring new insights into individual day-to-day variation of occupational sitting time, which may facilitate workplace interventions targeting intra- and inter-individual variability of sedentary behavior at work.[@bib0070]

Previous ergonomics studies have identified individual work postures (e.g., sitting, standing, *etc*.), and concluded that instruments were sufficiently accurate for studying those work postures in relation to health effects in epidemiologic studies.[@bib0075], [@bib0080] Similarly, Reis et al.[@bib0085] developed the Occupational Physical Activity Questionnaire to identify the amount of time spent in specific occupational categories:[@bib0090] "1) sitting or standing, 2) walking, and 3) heavy labor", where the Spearman correlation with sitting or standing was 0.37 against 7-day occupational physical activity (PA) records.[@bib0085] Further examination of separated occupational sitting and standing is required, particularly for the assessment of self-administered occupational sitting time, as sit--stand workstations have been recently introduced in workplace settings.[@bib0095] Chau et al.[@bib0100] assessed 2 brief instruments including an Occupation Sitting and Physical Activity Questionnaire, which quantifies percentage time spent in different activities at work. The results showed moderate correlations for measuring occupational sitting and standing time (Spearman\'s rho (*ρ*) = 0.65 and 0.49, respectively), suggesting that it is a suitable method for measuring sitting and standing as discrete indicators.[@bib0100] In addition, the questions were sufficiently valid and responsive to changes over time in the sit--stand transition when compared with stronger relevant criterion measures of different postures.[@bib0105] However, their validation studies were mainly conducted in Australia, which may limit the generalizability of the results to different populations. The concepts and contextualization may vary in different cultural contexts, which could affect self-reported sedentary time.[@bib0110] Thus it is important to examine and compare methods of self-reported occupational sitting assessment in different countries.

Most studies have used hip- or waist-worn accelerometers as criterion measures based on body movement, where sedentary time is usually classified as accelerometer counts per minute less than 100.[@bib0050] However, this may result in misclassification of low intensity non-sedentary behaviors. As these devices do not detect body position, they cannot distinguish sitting time from standing.[@bib0115] Thus, the absolute difference between self-reported and accelerometer-measured values may have been under- or overestimated.[@bib0050] Recently, direct measures of postural aspects of sedentary behaviors have been developed. In particular, thigh-mounted accelerometry can identify distinct postures.[@bib0120], [@bib0125], [@bib0130], [@bib0135] However, only a few recent validity studies have examined self-reported sitting time at work compared with thigh-mounted accelerometry as criterion measures.[@bib0105], [@bib0140]

This study assessed the validity of 2 brief instruments for measuring occupational sitting time. We evaluated the criterion validity of long-term and short-term recall of occupational sitting time by comparing the results with thigh-mounted accelerometry in Finnish and Chinese office-based workers.

2. Methods {#s0015}
==========

2.1. Recruitment, study sample, and procedures {#s0020}
----------------------------------------------

This study was conducted between February and October 2013. Recruitment for the study took place in the cities of Jyväskylä, Finland and Hangzhou, China. Jyväskylä is located in central Finland with a population of 135,591 in 2015 (Population Register Center of Finland). Hangzhou is the capital and largest city of Zhejiang Province in Eastern China with a registered population of 9,018,000 in 2015 ([www.zj.stats.gov.cn](http://www.zj.stats.gov.cn){#iw0010}). Recruitment was achieved by advertising the study on webpages, placing flyers in public places, and individually by word-of-mouth. The study received ethics approval from the Ethics Committee of the University of Jyväskylä. No monetary incentive was offered to the participants.

A total of 131 individuals responded to an internet-administered questionnaire, of whom 70 agreed to attend an initial interview (participation response 53.4%) where they provided written informed consent to participate in the study, and all of them completed the study components including objective measurements. Participants in this study were office-based workers, over 18 years old, ambulatory, and non-pregnant. The sample of 70 contained 2 cohort groups: a Finnish group (FIN, *n* = 34) and a Chinese group (CHI, *n* = 36). In the FIN group, participants were mostly university employees (82% Finnish), and included researchers, teachers, administrative workers, assistants, professors, and technical workers. In the CHI group, participants (100% Chinese) had office-based occupations from different workplace settings, such as office workers, administrative workers, bankers, and IT workers.

The timeline of the procedures is shown in [Fig. 1](#f0010){ref-type="fig"}. All participants attended an initial interview where they were instructed to wear a triaxial accelerometer (X6-1a; Gulf Coast Data Concepts Inc., Waveland, MS, USA) secured to the mid-anterior thigh by using a flexible bandage (Pharmacare Sport, Oriola Oy, Espoo, Finland) for 5 consecutive workdays (by default a typical work week with 5 workdays), except when sick or not at work. Participants were individually given verbal and written instructions on how to position the accelerometer. They were asked to wear the device continuously from when they arrived at the workplace until the end of the workday. In addition, they were asked to keep a daily activity log where they recorded what time they came to and left the office, the exact time when they put on and took off the accelerometer, and other events. If they removed the device during work time, this information was also recorded in logs, accompanied by the reasons (e.g., noon nap in CHI group). They were further asked about the type of their workstation, and those who used a sit--stand workstation were asked to note the time when it was used to sit or stand at work. All the materials were translated to Finnish, English, or Chinese language and checked by native speakers. The questionnaire versions were pilot tested before the validity study.Fig. 1Timeline of the procedures. The internet-administered questionnaire to assess long-term occupational sitting was administered before the initial interview, and the daily recall of occupational sitting time (D) was assessed at the end of each workday. Accelerometer data was obtained during each workday.Fig. 1

2.2. Demographic and physical characteristics {#s0025}
---------------------------------------------

The questionnaire was implemented electronically using SPSS Dimension mrInterview Version 5.5 (IBM Corp., Armonk, NY, USA), as used previously.[@bib0145] This system was based on the e-mail distribution of a link to the actual survey and completed via a web browser on the Internet. It included age, height, body mass, gender, education, overall health status, and PA level.[@bib0150] Body mass index (BMI) was calculated.

2.3. Self-reported occupational sitting time {#s0030}
--------------------------------------------

Long-term recall was assessed using an internet-administered question: "How much of your entire workday, on average, did you sit during the last 3 months? (0--100% of worktime)." Short-term recall of occupational sitting time, which was assessed after each workday, involved a single-item question: "How much of your entire workday, on average, did you sit today? (as a percentage 0--100%)." The duration of work time was obtained from each individual\'s daily activity logs.

2.4. Accelerometer-measured occupational sitting time {#s0035}
-----------------------------------------------------

Thigh-mounted accelerometer data, recorded during the same days as the assessment of short-term recall, were used to classify an individual\'s activity into sitting or activity (standing or walking), and to calculate these values as a percent of recorded work time. The initial utilities setting of the accelerometer was low gain (± 6 G) at a sampling frequency of 20 Hz with 16-bit resolution (sensitivity: 0.000183105 G), and the internal clock of the accelerometer was synchronized with a local online computer. All data analysis was performed using a custom-made script called OpenSALTO (<https://github.com/mhavu/OpenSALTO>), where data were transformed into a polar coordinate system. Inclination in the sagittal plane was low-pass filtered with 1 Hz cutoff. Sitting and upright positions (standing or walking) were discriminated on the basis of the angle of inclination of the thigh relative to gravity. A threshold of 45° from horizontal was set for the transition from sedentary to upright posture or the reverse, as done previously.[@bib0135] The analysis was set to detect a given posture with a minimum 5 s duration. This method is highly valid for classifying body postures to measure sitting time in adults by comparison with direct observation (mean difference of 0.19%, limits of agreement: −0.68% to 1.06%), both in the laboratory[@bib0155] and in the free-living setting,[@bib0160], [@bib0165] and was confirmed in pilot tests to work accurately with the device used in the present study. All results were exported to Microsoft Excel 2010 (Microsoft, Redmond, WA, USA) with date- and time-stamped information, where non-wear time was discarded based on individually reported non-wear episodes in their logs. Data was considered valid if participants wore the accelerometer for at least 3 workdays during working hours, which is considered to be sufficient to determine habitual PA among adults.[@bib0170] Accelerometer data was compared on a day-to-day basis with short-term recall results so that 3--5 comparisons were performed for each participant, while the questionnaire for long-term recall was compared to the accelerometer data averaged over the measurement days.

2.5. Statistics {#s0040}
---------------

Statistical analyses were conducted using IBM SPSS for Windows Version 22.0 (IBM Corp., Armonk, NY, USA). A probability level of *p *\< 0.05 (two-tailed) was considered statistically significant. Values are presented as means ± SD or % (*n*) unless otherwise indicated. Differences in participant characteristics between groups were tested using an independent *t* test (normal data) or Mann-Whitney *U* test (non-normal data) for continuous variables, and *χ*^2^ test or *χ*^2^ test with Fisher\'s exact test for categorical variables. For day-to-day variability, coefficients of variation (CV) were calculated for short-term recall and thigh-mounted accelerometer-measured occupational sitting time. The absolute difference between the long-term recall results was compared to the averaged daily short-term recall occupational sitting time using Wilcoxon signed-rank test. For validity, Spearman\'s rho (*ρ*) was calculated for self-reported (long-term and short-term) and accelerometer-measured occupational sitting time in the total study sample and the 2 cohort groups. The 95% confidence intervals (CI) for the correlations were calculated using Fisher transformation. The strength of correlation as indicated by Spearman\'s rho (*ρ*) was interpreted as weak (\<0.30), low (0.30--0.49), moderate (0.50--0.69), strong (0.70--0.89), or very strong (≥0.90).[@bib0175] Agreement between self-reported and accelerometer-measured occupational sitting time was calculated for the total sample with 2 cohort groups using the Bland-Altman method.[@bib0180] Plots were presented with mean difference and 95% limits of agreement (±1.96 SD).

3. Results {#s0045}
==========

Participant characteristics and occupational sitting time are presented in [Table 1](#t0010){ref-type="table"}. Participants were 58.6% female, aged 22--67 years, and had a BMI of 17.1--30.1 kg/m^2^. All reported their education to be above college level, thus education level was further classified as college or university level and higher education level, which included academic degree and academic postgraduate qualifications. Compared with FIN group, CHI group was younger (*p *\< 0.001) and shorter (*p* = 0.043), and had lower weight (*p *\< 0.001), BMI (*p* = 0.001), education level (*p *\< 0.001), self-rated health (*p *\< 0.001), and fewer met PA guidelines (*p *\< 0.001).[@bib0150]Table 1Participant characteristics and occupational sitting time.Table 1Total (*n* = 70)FIN (*n* = 34)CHI (*n* = 36)*p* valuesAge (year)33.1 ± 10.739.6 ± 11.526.9 ± 4.6\<0.001Height (cm)168.3 ± 8.5170.5 ± 8.6166.3 ± 7.90.043Body mass (kg)63.3 ± 12.568.2 ± 10.858.6 ± 12.4\<0.001BMI (kg/m^2^)22.2 ± 3.023.4 ± 2.521.0 ± 3.00.001Proportion of females58.6 (41)58.8 (20)58.3 (21)0.967Education\<0.001 College or university level38.6 (27)5.9 (2)69.4 (25) Academic graduate level61.4 (43)94.1 (32)30.6 (11)Self-rated health\<0.001 Very good or rather good62.9 (44)88.2 (30)38.9 (14) Average, rather poor, or very poor37.1 (26)11.8 (4)61.1 (22)Use of sit--stand workstation18.6 (13)38.2 (13)0.0 (0)\<0.001PA level[a](#tn0010){ref-type="table-fn"}21.4 (15)41.2 (14)2.8 (1)\<0.001Occupational sitting time Long-term recall (%)79.0 ± 13.576.2 ± 14.781.8 ± 11.80.120 Short-term recall (%)79.3 ± 14.377.3 ± 16.481.2 ± 12.00.309 Accelerometer measured (%)[b](#tn0015){ref-type="table-fn"}76.6 ± 12.473.2 ± 12.880.1 ± 11.10.017 Recording time (min/workday)[b](#tn0015){ref-type="table-fn"}455.4 ± 61.0447.3 ± 54.7463.5 ± 66.60.280[^1][^2][^3][^4]

Valid accelerometer data for at least 3 workdays were obtained from 68 participants (78% completed 5 workdays). In total, data were analyzed from 322 days (FIN: 162 days; CHI: 160 days). The length of recorded work time averaged 455.4 ± 61.0 min per workday in the total sample, and there was no difference between groups. No differences were found in long-term or averaged daily short-term recall of occupational sitting time between groups, however FIN group had \~7% less sitting time according to accelerometer data (*p* = 0.017). Furthermore, \~39% of Chinese participants reported that they removed the device on at least 1 workday due to work--rest schedules (e.g., noon nap during work time) for an average of 101.5 ± 48.4 min (range 17--204 min) per day per person. None of the CHI group used a sit--stand workstation, whereas \~39% of participants in the FIN group did.

The day-to-day variation was 9.4% ± 11.4% for short-term recall and 10.4% ± 8.4% for accelerometer-measured occupational sitting time for the total sample. [Fig. 2](#f0015){ref-type="fig"} shows subject-specific differences between daily short-term recall and accelerometer-measured occupational sitting time. FIN group exhibited higher day-to-day variation in both short-term recall (12.8% ± 14.1% *vs*. 6.3% ± 6.8%, *p* = 0.012) and accelerometer-based sitting time (13.3% ± 10.0% *vs*. 7.6% ± 5.2%, *p* = 0.012) than CHI group. No absolute difference was found between long-term and averaged daily short-term recall occupational sitting time (*p* = 0.815).Fig. 2Differences between averaged daily short-term recall (triangles) and accelerometer-measured occupational sitting time (squares) for each participant. Data was organized according to the amount of objectively measured sitting time so that participants who sat the most are on the right side and those who sat the least are on the left. Standard deviations denote day-to-day variation (3--5 workdays) in occupational sitting time. Dashed arrows indicate participants who used adjustable sit--stand workstations. ACC = accelerometer; CHI = Chinese group; FIN = Finnish group.Fig. 2

Long-term recall and accelerometer-measured sitting time at work correlated in the total study sample (*ρ* = 0.532, 95%CI: 0.336--0.684, *p *\< 0.001), as well as in FIN group (*ρ* = 0.450, 95%CI: 0.132--0.684, *p* = 0.008) and CHI group (*ρ* = 0.515, 95%CI: 0.214--0.727, *p* = 0.002). Similarly, short-term recall and accelerometer-measured sitting time for each workday correlated in the total study sample (*ρ* = 0.533, 95%CI: 0.449--0.607, *p *\< 0.001), in FIN group (*ρ* = 0.600, 95%CI: 0.491--0.691, *p *\< 0.001), and in CHI group (*ρ* = 0.459, 95%CI: 0.326--0.574, *p *\< 0.001).

[Fig. 3](#f0020){ref-type="fig"} shows the Bland-Altman plots for long-term and daily short-term recall and accelerometer-measured occupational sitting time for the total study sample separated by groups. The mean difference between long-term recall and averaged accelerometer-measured results was 2.4% (95%CI: −0.5% to 5.3%, *p* = 0.091) for the total sample, 3.0% for FIN group (95%CI: --1.6% to 7.5%, *p* = 0.180), and 1.8% for CHI group (95%CI: --2.1% to 5.6%, *p* = 0.293). The agreement level was generally within the --21.2% to 25.9% range (±1.96 SD). Similarly, the mean difference between each short-term recall and the corresponding daily accelerometer-measured value was 2.2% (95%CI: 0.7%--3.6%, *p* = 0.005) for the total sample, 4.0% for FIN group (95%CI: 1.8%--6.2%, *p *\< 0.001), and 0.3% for CHI group (95%CI: −1.7% to 2.2%, *p* = 0.807). Agreement levels were generally within the −24.2% to 28.5% range (±1.96 SD).Fig. 3Bland-Altman plot of absolute agreement of occupational sitting time for all participants\' data separated by groups. The *y* axis shows the difference between long-term (A) and daily short-term (B) recall and accelerometer-measured occupational sitting time as a percentage of work time. The *x* axis is the average of them (%). The solid line represents the mean and the dashed lines represent the 95% limits of agreement (±1.96 SD). CHI = Chinese group; FIN = Finnish group.Fig. 3

4. Discussion {#s0050}
=============

This study examined the criterion validity and absolute agreement of 2 brief self-reported measures of occupational sitting time, assessed by long-term and short-term recall, in a sample of Finnish and Chinese office-based workers. Criterion measures were compared with thigh-mounted accelerometer data, which were used to isolate sitting time. The findings suggest that both self-reported measures are acceptable (\<3% difference compared to accelerometry) for assessing the proportion of work time spent sitting at a group level, but not necessarily at an individual level. Similar moderate correlations with objective measures were observed regardless of whether workers were asked about short- or long-term occupational sitting time.

Both long-term and short-term recall resulted in an average occupational sitting time of 79%, indicating that short-term recall adequately represented habitual occupational sedentary behavior. In addition, from the results of day-to-day variations in occupational sitting time, the overall range of CV% was less than 15% (6%--13%) of short-term recall and accelerometer-measured data from 5 workdays. This is comparable with a previous validation study that reported differences in CV% between past day recall and activPAL measured sedentary time of 16%--19% among adults.[@bib0185] In the present study, FIN group exhibited higher variations in daily occupational sitting time compared with CHI group. This may have been caused by several potential factors such as differences in sociocultural determinants, where work culture possibilities affect one\'s habitual occupational sedentary behavior.[@bib0025] For example, participants in the FIN group were mostly university employees, and they may have had more flexible work schedules than those in CHI group, who were employed by companies with fixed work schedules. Importantly, some participants from FIN group used sit-stand workstations and it seems that they tended to have lower occupational sitting time, which likely also contributed to the greater variation, as noted previously.[@bib0145]

The validity of detailed workplace-specific measures to assess occupational sitting time has been reported in some studies.[@bib0100], [@bib0190] While quantifying the time spent in different postures may help to elucidate the associations between occupational sitting time and health outcomes,[@bib0195] few validity studies have examined subjective measures against accurate criterion measures that can distinguish between postures such as sitting or standing still.[@bib0105] Our study allowed us to separate sitting and upright postures to quantify sitting time at work. Overall, the long-term recall questionnaire and short-term recall single-item question exhibited similar validity. The range of Spearman\'s rho (*ρ*) was 0.336--0.684 in the total sample. Although the correlations found in our study were low to moderate, they seem to be at least as strong as those for global sitting time measured with the International Physical Activity Questionnaire or Global Physical Activity Questionnaire in the general population (*ρ* = 0.07--0.61).[@bib0055], [@bib0060], [@bib0200] Our results are also comparable to those of other studies that have examined the criterion validity of office-based sedentary time with accelerometry (*ρ* = 0.27--0.65).[@bib0100], [@bib0190] Furthermore, we used a brief single-item question about occupational sitting time administered at the end of each work day. Shorter term recall has been suggested to improve self-report accuracy.[@bib0070] Although we found similar results of short- and long-term recall in the total sample, the difference between short-term recall and accelerometer-measured occupational sitting time was smaller in CHI group (mean difference 0.3% (equal to less than 2 min) *vs*. 4.0% in FIN). This may have been caused by large day-to-day individual variability in occupational sitting time, which was larger in FIN than in CHI.

Long-term and short-term recall occupational sitting time estimates were both close to the accelerometer-measured proportion of sitting time at work (mean differences were 2.4% and 2.2% respectively, equal to 11 min). This level of accuracy is comparable with results from the majority of occupational validation studies, which reported mean differences from 2 min/day to 27 min/day,[@bib0100], [@bib0190], [@bib0205] suggesting that our method is suitable for surveillance purposes in large populations where it is desirable to estimate occupational sitting time at a group level. However, the limits of agreement were wide, whereby over- or underestimation generally varied between --24.2% and 28.5% (±1.96 SD), which is equal to more than 100 min. Thus, these measures may be less useful in studies that require a high level of accuracy at the individual level, such as smaller scale intervention studies. In these cases, self-report measures may be more appropriate as complementary information to objective measures. Overall, our brief single-item question about occupational sitting time may be sufficient to rank office-based workers on the basis of sitting time in large-scale workplace population studies.

In the current study, we quantified the amount of sitting time as a proportion of worktime. This may be a useful instrument in large population based studies, which are limited by space constraints for questionnaire items.[@bib0100] Furthermore, when a standardized approach to measure sedentary behavior is required,[@bib0050] the use of continuous variables may make it possible to directly compare various studies regarding the proportion of work time spent sitting.[@bib0100] However, further examination of the units used to report sedentary and active time, for absolute and relative variables, is required to enable appropriate comparisons. In addition, there is limited research about intra- and inter-individual variability of sedentary behavior.[@bib0115] In the current study, we identified subject-specific differences between subjective and objective sitting time, and individual day-to-day variation of occupational sitting time. These results may improve understanding of how office workers individually accumulate their daily total sitting time at work. Furthermore, an important contribution of this study is the comparison between self-report instruments and accelerometer measures of sitting and upright postures (sitting and activity time) in the workplace; these simple self-report measures could feasibly be used in large population studies, which may ultimately help to establish associations between postural allocations and occupational health outcomes.[@bib0195], [@bib0210]

However, the current study also has some limitations. Although this study used 2 cohort groups, which included participants from Finland and China, the study samples were small and may not be representative of the larger population. Participants were office-based workers, so these findings may not be representative of other occupations. Further examination of the utility of self-reported measures is recommended in different occupations with more varied patterns of sitting. Although the current study used 2 brief instruments to assess occupational sitting time, both of them may have been susceptible to random and systematic reporting errors.[@bib0050] While questionnaires containing several questions at a time may be associated with contamination, the 2 self-report measures used in this study were administered at different time points, which minimizes this potential bias. In addition, few studies have examined the ability of self-report measures to detect behavior changes over time.[@bib0105] Although in the current study we did not assess responsiveness to changes in occupational sitting, in our previous study we found that self-reported occupational sitting time decreased by \~14% after 6 months of daily use of a sit--stand workstation.[@bib0145] This difference is large compared to the mean difference of 2.2%--2.4% between self-report and objective measures in the present study, suggesting that our self-report measures could be sensitive enough to detect longitudinal changes in sitting time at the population level. However, further studies are needed to test this hypothesis.

5. Conclusion {#s0055}
=============

A brief questionnaire about estimated sitting time at work, based on either long-term or short-term recall, may be suitable for different population health surveys, prospective cohort studies, and other studies that rely on questionnaire items.
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[^1]: Note: Data was shown as mean ± SD or % (*n*).

[^2]: Abbreviations: BMI = body mass index; CHI = Chinese group; FIN = Finnish group; PA = physical activity.

[^3]: Meeting the updated physical activity and health recommendations.[@bib0150]

[^4]: Missing *n* = 2 in CHI group.
